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IAk Abtir««t ' 

The interactive system for determining the observation conditions of 
celestial bodies is described in the present work, A system of programs 
has been created containing a part of the DISPO (Display Interactive System 
of Orbit Planning) of the IPM (Institute of Applied Mathematics) of the AN 
(Academy of Sciences) of the USSR. 


The system was used for calculating the observation characteristics of 
Halley's comet during its approach to Earth in 1985-86. 
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ANNOTATION 


The interactive system for determining the observation 
conditions of celestial bodies is described in the present work. 

A system of programs has been created containing a part of the 
DISPO (Display Interactive System of Orbit Planning) of the IPM 
(Institute of Applied Mathematics) of the AN (Academy of Sciences) 
of the USSR. 


The system is designed for computation in the man-machine 
dialog mode of the position and movement of celestial bodies 
relative to the NIPs (Observation Measuring Points) located on 
the surface or close to the Earth's surface. The program 
facilities of the system make it possible to effect the output 
of resulting quantities ,in both tabular and graphic form on a 
display screen with the use of the facilities of interactive 
machine graphics. Capability is provided to automate operations 
for the creation of film-illustrative material based on the graphic 
facilities of the system. 

The system was used for calculating the observation 
characteristics of Halley's comet during its approach to Earth 
in 19B5-B6. 
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DETERMINATION OF THE OBSERVATION CONDITIONS OF CELESTIAL BODIES 
WITH THE AID OF THE DISPO SYSTEM 

R. K. Kazakov and A.V. Krivov 


/ 3 * 

INTRODUCTION 

The determination of the visibility conditions of celestial 
bodies from a ground, air or orbital observation point is a 
necessary link in the problems of planning and organizing astronomical 
observations and space experiments. Here we are concerned, in 
particular, with problems in the creation of ephemeris support of the 
programs of observation of natural bodies in the solar system. 

These problems arouse special interest in connection with the 
creation and functioning of artificial bodies, space vehicles 
of different types, AES (Artificial Earth Satellites) and their 
systems . 

In many cases of this type (the formulation of retrieval 
ephemerides ) t ephemeris information of high precision is 
frequently not required. Therefore for small intervals in the 
prognosis of observation conditions, it is possible to confine 
oneself to approximations of the real motion by some simple model 
frequently even a Keplerian (.unperturbed) orbit is sufficient, 
and the use of "spacing" of Keplerian curves or an Eulerian 
orbit [1] provides the necessary precision in the overwhelming 
majority of cases. In this work Keplerian or Eulerian elements 
(if necessary, periodically corrected) will be the input infor- 
mation about the object of observation. 


* 

Numbers in margin indicate foreign pagination 
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The use of simple models of the movement of the Earth and the 
observed celestial bodies makes it possible to create a program 
system which would provide the calculation of ephemerides by 
fast-operating algorithms, would present to the user important 
conveniences for the input and correction of data and would 
have a developed set of capabilities for the presentation of 
resulting information in digital and graphical form, with recording 
on various media, etc. 

An attempt to satisfy all these requirements was the 
"visibility" program system, created in the IPM (Institute of 
Applied Mathematics) of the AN, USSR based on the SDS-910 com- 
puter and comprising a part of the DISPO system [2,3,4] which 
has already been successfully used for many years. The given 
system, just like the other DISPO programs is interactive, i.e., 
it operates in the man-machine dialog mode. The selection of 
the computer for system implementation is dictated by the 
presence in the SDS-910 of a developed set of hardware and 
software facilities of interactive communication. Among the 
hardware dialog facilities one must include the "Graphic display - 
light pen" system; among the software - the set of subprograms 
supporting the interactive process by means of the set of "light /4 

buttons" and the LINK device [5]. The components of the system 
of programs and subprograms are written in the Fortran-II language 
for the SDS-910 computer [6]. 

The system being examined makes it possible, in interactive 
form to enter and correct the input data, carry out for a sequence 
of time moments the calculation of series of topcentric character-, 
istics of the observability of the object — the horizontal and 
equatorial coordinates, range, range rate, as well as a series 
of auxiliary quantities, and to achieve the output of results in 
digital form or graphic form, with a distribution of information 
to an a wide ATsPU (printing device) , a DS (display screen) , , 
graph-plotter, and MT (magnetic tape). Special modes of operation 
of the system for obtaining film-illustrative material are based 
on the calculated ephemerides. ! 
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Despite the fact that a specific program to implement 
the system is accomplished within the framework, of the DISPO 
system of the I PH AN, USSR, the general design principles of 
the system of programs for the calculation of ephemeris information, 
developed in the present work, can be recommended to a wide circle 
of persons interested in the building of similar systems based on 
different hardware and software support. 

The authors take this opportunity to express their deep 
gratitude to K.L. Volkova, L.T. Gromo;va and L.A. Myryshkina for 
the great help in creating the "Visibility” system, installing and 
surveying film-illustrative material on observations of Halley’s 
comet. 

§1 . The Algorithm for Calculating the Visibility Conditions of 
Celestial Bodies 

I . I . T he selection of a model of motion and reducing 
calculations 


The algorithm for calculating ephemeris information about an 
object is broken down into two stages. In the first stage the 
position vectors and the velocity of the object relative to the 
center of mass of the central body are calculated. The second 
stage consists of the conversion of these quantities to a coordinate 
system: geocentric (if the central body is not the Earth) and 

topocentric. Then the desired topocentric quantities, comprising 
the ephemeris, are calculated. The following are adjusted to the 
point of the NIPs (observation-measuring points) by these quanti- 
ties : 

Elevation ‘f Declination 6 Range D 

Azimuth. A q Right ascension d Range rate D 

This set of quantities is, evidently, sufficiently complete, since /5 
it responds to the interests of a wide circle of users of ephemeris 
information. The azimuth coordinates directly reflect the 
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accessibility of the object to observations and can be used as 
a rough guide to users applying a device on an azimuth installa- 
tion; the equatorial coordinates are of interest in the organization 
of observations by means of classical astronomical instruments; 
the range is important in the observations of small bodies of the 
solar system and, in addition, can be useful in the case of 
laser or radar range finder measurements; the value of range 
rate is necessary in the use of narrow-band receivers for the 
calculation of the Doppler frequency shift. 

At the same time the elevation of the Sun is calculated 
with these values. This makes it possible to determine whether 
the current instant of time is related to the dark or to the light 
time of the day. 

To effect a specific implementation of the two stages of 
the algorithm described for the calculation of low precision 
ephemerides (of the research type, at the planning stage of a 
flight to celestial bodies) it is necessary to assume a model of 
the motion, which can be rather crude, but must be fast-operating 
and economic in the computation sense. For this, it is necessary 
to discard the method of approximation of the actual complex 
motion of the celestial body occurring under the action of all 
possible perturbing factors; to select those factors whose 
calculation is necessary for the attainment of the required pre- 
cision, and neglect the rest. We shall consider both stages of 
the algorithm from this point of view. 

The set of parameters specifying the orbit of the body and 
the current instant of time are the input quantities for the first 
stage. Whether or not parameters are in fact included in this 
set depends on the method of approximating a perturbing motion. 
Different versions having different precision and difficulty are 
possible. We shall point out the main ones: 
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1. Tho maximum possible calculation of perturbations. For 

example, the totality of the values of the osculating elements 
at the current instant of time it, ■ ken (for this a preliminary 
integration of the equations of perturbed motion is of course re- 
quired) as a set of parameters. In this case with the passage 
from one instant to another, the values of all the parameters are 
changed. This leads to a large volume of input information. /6 

2. A partial calculation of the perturbation by means of an 
approximation of the actual motion of a "spliced" Keplerian orbit. 

For example, the Keplerian elements, which are periodically adjusted, 
are taken as the parameters in this case. Thus, in the passage from 
one instant to another, the parameters are not changed each time. 

3. The approximation of an Eulerian orbit. Eulerian elements 
are taken as the parameters. 

4. The approximation of the perturbed motion of an unperturbed 
orbit. In this case the set of parameters is an aggregate of six 
Keplerian elements. It remains constant in the scanning of the 
current instants. 

The class of celestial bodies for which it i3 possible to 
abandon the complete calculation of the perturbations (Method I) is 
defined by the required precision and time interval in which this 
precision has to be guaranteed. For the investigation of comets, 
the requirements for precision are not great. Such a class of 
objects will be sufficiently extensive. More than this, in most 
cases not even the use of a "splicing" of Keplerian orbits or a 
Eulerian orbit (Methods 2 and 3) is required, but it is sufficient 
to use the rather rough, but economical in the computation plan, 

Method 4 the approximation of the motion of an unperturbed orbit. 

The exceptions comprise only the remaining situations: close 

approaches of comets to large planets, the initial and final 
portions of the trajectory of a space device and a few others. 
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In Table I are shown 6 - declination and D - the range 
of Halley's comet for the Ashkhabad NIP, calculated by two methods 
based on the complete calculation of the perturbations and by means 
of an approximation of the unperturbed orbit, i.e., corresponding 
to Methods ,1 and 4. The data according to the use of Method 1, 
taken from [7] are obtaijU&d on the basis of the numerical inte- 
gration of the equations of motion with regard for the perturbations 
of 8 large planets. In the calculation by Method 4, the set of 
values of the osculating elements at the instant the comet will 
pass perihelion on 9 February 1986 .is taken as the fixed Keplerian 
elements . 

It is seen that errors in an angular quantity (.declinatior. i 
do not exceed 22' in the neighborhood of the pericenter, 
and decrease rapidly at a distance from it (for several months 
before it and during several months after it, the deviation is 
already less than 1*). The range error for every interval con- 
sidered does not exceed 2 million kilometers, i.e., it comes to 
about 0.4%. These values for ephemerides of the research type are 
fully acceptable. 



The second stage of the algorithm is the transformation of 
the vectors of position and velocity to the desired ephemeris informa- 
tion. In this stage it is possible to neglect certain reduction 
calculations included in the classical astronomical system. We 
know it is possible not to consider those factors whose neglect 
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leads to errors amounting to several minutes of arc for angular 
quantities. Thus, corrections for nutation and aberration are 
not introduced. Refraction is also not considered since in the zone 
of accessibility of astronomical and navigational devices (Elevation 
8) it does not introduce errors greater than 3'. The calculation 
of precession is also not made, since, as a rule, the orbit elements 
of a celestial body, which are entered as input data can be supplied 
at a time close to the observation instants, so that precession will 
essentially already be accounted for in the orbit elements. However, 
for example, the flattening of the Earth should be taken into account 
since the reduction, subjected to it, of the astronomical latitude 
of the point to the geodesic, and consequently of the correction 
to the angular ephemeris quantities, can reach an unacceptably 
large value in 12'. We would also risk an error of the order of 10' 
if we were to neglect the altitude of the NIP about sea level. 

1,2. A specific implementation of the algorithm in the 
"Visibility" system. 

We shall consider in more detail a specific implementation 
in the "Visibility" system of the two algorithm stages described. 

The first phase is program-effected in such a manner that the 
most convenient for the user are the Keplerian and. piecewise- 
Keplerian approximation of motion, i.e.. Methods 2 and 4. The use 
of Method 1 is also possible, however, as was noted above. This is 
connected with a sharp increase in difficulty, since the user must 
enter long series of values of the osculating elements. (For each 
instant these values will be his own) . Method 3 has not been 
implemented in an operating version of the system. However, in case 
of need it is possible to modify in an appropriate fashion a number 
of the system modules so that this method could also be used. (For 
this it is necessary to introduce insignificant changes into certain 
program modules). The Eulerian model will not be considered 
further. 


No matte? which of the described models the user selects, 
in each current instant the 6 Keplerian elements and the adjusted 
mass of the central body, as well as the value of this instant, 
serve as the initial parameters defining the instantaneous orbit 
of the body. For brevity, we shall designate the set of these 
quantities by f'JT.t } , Then the first stage should be considered as 
the transformation of the vector into the vector { t, %t} , i.e., 

into Cartesian coordinates and velocity components. This transfor- 
mation is one of the main operations of DISPO, and is accomplished 
by access to the standard subprogram 3&X [2,3,4]. 

In this case, if the object was designated by heliocentric 
ecliptical elements, and, consequently, the calculated coordinates 
and velocity components are referred to the heliocentric ecliptical 
system, the latter will then be transformed after the calculation 
of the Earth's heliocentric radius-vector {according to the elements 
of the Earth orbit available in the system) into geocentric eclipti- 
cal, and, finally by a rotation of the coordinate system about an 
angle £ -33°27 ' into geocentric equatorial coordinates. If, however, 
the object is designated by geocentric equatorial elements, then after 
the use of the operation no additional transformations are 

required. 

The second stage of the algorithm is the transformation of the 
vector {z.i fctj into the set of ephemeris quantities listed in Para 1. 1. 
It is implemented in the form of a special subprogram. We shall /9 
consider this stage in more detail ; 

We shall assume the following quantities are known: 

4 .* • 

•E.y.*, - The coordinates and velocity components of 

the object in the absolute geocentric coordinate 
sys tern? 
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t - The current Instant of Greenwich moan time; 

- Astronomical latitude, longitude (considered 
positive eastward from Greenwich) and 
height of the NIP above sea level. 

It is necessary to calculate the above-listed quantities 
We shall convert from astronomical latitude and NIP elevation to two 
equivalent quantities - the distance from the center of the Earth 
to the NIP Point R and the geocentric latitude (J> 18)* 

R » R 9 ( l m d 0 sln*tp ) + h 
0 » <P -<* 0 (l-h[fi) sin Zip t . 

where R 3 - is the equatorial radius of the Earth (6378160 II) ; 

- is the flattening of the terrestrial ellipsoid (0.0033529) 

We now make a transformation to the Greenwich coordinate 
'tern (a geocentric cartesian system whose abscissa axis passes 
through the point o, , Z-axis - through the North Pole, 

and ordinate axis expands the triad to the right) : 

x d » x cosip * ysinip 
y t •-xsiffV * y cos ip 

*/ • z 


here ip is the sidereal time at the Greenwich meridian, 
corresponding to the instant t of Greenwich mean time. In the 
given algorithm, it is assumed 

H jn *3 

where (p 0 , January 1, 0 00 qq 

and the number of sidereal periods in some mean periods 1? “1.0027379., . 

It is natural that for a certain class of objects (low *ES) the pre- 
cision of the last formula may be insufficient, and at least a periodic 
adjustment of the null-point fV 0 ,,£ 0 ) will be required. But for the 
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overwhelming majority of cases, this formula may be used without 
reservations. /10 

In the same system, Greenwich, the NIP coordinates will be: 

I A * Rcos<P cos A 
is * R cos <P sin A * 

(0 = Rsw <P 

We get the relative coordinates of the object (i.e., Greenwich 
topocentric coordinates) : 

fct * x, - a 

<6 *, <J L - B 
( c = 2/ “ C 


and the range is U - ^ q* *■ 6*+(f 

Now the declination and right ascension of the object are determined 
from the formulas: 

Sin&^c/D . S € [- 90 °, go] 


r co$ d = (a cosy -6sln <p)/ 'fa*+o l 


lln d » (a sm(f) + Bcos ip) / 'fa* *■£* ’ 


c£ e [ 0,360°/ 


Next we shall calculate the horizontal topocentric coordinates 
of the object. For this we shall form the matrix of transition 
from the Greenwich topocentric to the horizontal topocentric 
coordinate system: 

/ -cos A sin (p -simp sin A cosip 

J|= cos(p cos A cosip sin A sin ip 


-sin A 


co s A 


The cosine of the Zenith distance, i.e., the sine of the elevation, 
is equal to the scalar product of the topocentric radius-vector {&,&'<:} , 
normalized to unity, and the directional unit vector to the Zenith 
at the point of the NIP (second row of the matrix: 

&inp*(ct$ sl +# w +cS i3 )/Z 

Then calculating the scalar products of the same radius^vector by 

uie remaining rows of the matrix /II 

£ = a * 6S iZ * cd iS , 2 * a 4/ + + c ^ Ji ’ ' 
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we find the azimuth from the formulas 



tin A 0 . " cos A 0 = $ / \p/T^ r 

Finally, we shall determine the radial velocity of the object. The 
velocity components on the Greenwich, geocentric axes will be 

B « x cos <f) + y sin <f) + Sl 0 ■ 6 
‘ m * - dc. sin <p *■ yeas ip - £ a • A 
n m i 


Here the last addends of the first two formulas reflect the 
rotation of the Earth with a velocity of “ I/I37I3.44 radians/second. 

The desired radial velocity equals 

t) • ( a£ * 6m *cn)j 2), 


§ 2 . The Structure of the System and Its communication with other 
program facilities of DISPO 

The visibility system consists of two relatively independent 
program units where the coordination of the operation and the informa- 
tion interchange between them is effected by means of the LINK 
device available in the DISPO system. These parts, called henceforth 
the first and second LINK-blocks, or simply "Links" are individually 
written onto MT {magnetic tape) . The need for such segmentation 
is caused by the large volume of memory which is required for the 
arrangement of the compiled operating programs of the system (about 
45,000 cells of the SDS-910), which exceeds the volume' of the 
machine's operating memory. However, the volume of each of the LINK- 
blocks does not surpass the capacity of an OZU (operating storage 
unit) of the SDS-910, and they are called up from the MT to 
the OZU alternately, according to need. 

From the point of view of Fortran, each of the LINK-blocks 
represents an aggregate of a basic (control) program, a set of sub- 
programs which is a property of "visibility", as v/ell as those 
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subprograms which play in DISPO a role of standard, but are necessary 
to the system during its functioning. /12 

The decomposition of the system into two LINK-blocks, in 
addition to the requirements of the machine implementation (limited 
by volume), is carried but also with regard for logical considerations. 
The first LINK-block centralizes in itself the facilities which 
in the interactive mode permit the introduction of the input informa- 
tion necessary for the operation of the system; the second LINK-block 
has two main functions - it performs directly the computational algorithm 
considered in §1, and accomplishes the output of results in the 
necessary form. Naturally, each of the links performs other functions 
also -- communication with other units of DISPO, the transfer of 
control to another link, the control of the sequence of execution 
constituting the given link of the module, access to the file of the 
constant of an information field, documentation, etc. 

The operation of the system is initiated by an instruction to 
the "Visibility" light button situated on the upper button level of 
DISPO and is started in the first link; subsequently the transfer of 
control from one LINK-block to another is carried out by the 
program facilities of the LINK-block themselves, i.e., automatically 
and the information interchange between them is effected by means 
of the designated COMMON-cells of the information field, accessible 
by both links of the system and by other program units of DISPO which 
makes it possible in case of need to transmit the latest information 
generated in the operation of the system. 

A more detailed program implementation of "visibility" is 
performed in accordance with the conception of modular programming. 

The main programs of both LINK-blocks are built of relatively 
independent parts - modules. They are not program separated units 
(independent programs or subprograms of FORTRAN) , but distinctly 
separated in the logical sense (each of them has a rigidly defined 
function - for example, the input of some data group), and in the 
structural (any module is bipolar, with one input point and one 
output point). From the point of view of FORTRAN ,each module is 
represented by a group of 30 - 250 operators. Such a distribution 
.12 


by magnitude was the price which had to be paid for the clear 
observance of the reason for the logical and structural separability 
(especially thM latter) . 

The structure described (LINK-block and modular) provides the 
logical simplicity of the system, facilitates familiarization and 
operation with it. In addition, it significantly simplifies the 
insertion of changes and modifications, which enables us to con- 
sider "Visibility" an open system. /13 

The diagram of system interconnection with other program 
facilities of DISPO, reflecting both information interchange 
and links for the transfer of control, is depicted in 
Figure 1. 


§ 3 . The Interactive Operation with Respect to the Input 
of Initial Data 


The structure and operating principles of the first LINK-block 
of the system will be described in this paragraph. 

As was noted in Paragraph 2, the main function of this link 
is the bringing in of the necessary input information to the appro- 
priate COMMON-cells of the DISPO information field. After completion 
of the input t operations control will be transferred to the second 
LINK-block, which retrieves this data, carries out its required 
transformation into the required ephemeris information and accomplishes 
its output in some form. 

The link makes available to the user two main capabilities of 
data input. First, information can be entered from without, from 
various devices of the machine - from PC (punched cards), TT (teletype) 
and also from the DC by means of the light pen. Second, the link 
has its own small information field which besides an array of 
constants, contains data on a limited quantity of observation points 
(their coordinates) , on certain more interesting objects of obser- 
vation (the initial version contains orbital elements of Halley's 
comet) , as well as a series of values of time parameters (their 
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meaning will be explained below) , adopted as standard. Thus the 
user working with the first LINK-block can initiate a transfer of 
data from this internal list to the common information field of 
DISPO by a simple instruction to a button by means of the light 
pen which, of course, shortens the time needed for the input of 
initial data. Since the data which the user wishes to enter 
rarely coincides completely with the standard, one most often 
successfully uses combined input when part of the information is 
entered from without, and part — by the "rapid” method, from the 
internal list. 

The operation of the link is constructed on the basis of the 
questionnaire method of data entry. It is implemented on 9 pushbutton 
levels (Figures 2,3). Each of them has several functions. A series 
of light buttons (lists of standard objects, points, etc.) services 
the above-described method of entering data from the internal 
list. Other buttons are used for "external" input: They make it /17 

possible to select the desired set of quantities for the designation 
of any characteristic (for example, the object may be designated 
by both heliocentric ecliptic, and geocentric equatorial elements) ; 
to determine the external device from which data will be entered; 
to inform the system of the ending of the entry of the next data 
group, etc. Finally, there are special buttons which make it possible 
to control the sequence of data entry and artificially pass either 
to the second LINK-block or "upward" to the upper pushbutton level 
Of DISPO. 

As a whole, the interactive operation for information entry 
can be presented in the following manner. Operating with the light 
buttons with the aid of the light pen, the user enters in any 
sequence, by any of the methods described, in the most convenient 
and natural form, all the needed quantities. It is possible to use 
an incomplete entry, i.e., performing the processing of some variant 
of the initial data, to change quantities only partially and restart 
the machine for calculation. This makes it possible to "scan" 
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Figure 3. Representation of the world map for the entry 
of geographic coordinates. 
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quickly the different variants - to vary the objects of observation, 

NIP's, time characteristics, etc. 

We shall now consider the construction of the first LINK-block 
and its capabilities in more detail, at the module level. For the 
calculation of ephemeris information, three groups of numerical data 
are necessary: data on the object of observation, on the observation 

point and a number of parameters defining the sequence of instants at 
which the calculation of ephemeris data is carried out. According to 
this, the link is built up from three modules, each of which enters 
its own group of parameters. 

The "object entry” module : During "internal" entry ■ 

by means of the "Halley" button it is possible to transmit the elements 
of Halley's comet to the information field. During of "external" 
entry, there is the ability to enter orbital elements — from PC, TT 
or ED. If the given celestial body revolves about the Sun, it is 
given ecliptic elements; if, however, the orbit is geocentric, 
then it is necessary to use equatorial elements. 

The "point entry" module ; There are the following capabilities 
of NIP designations: the "internal entry of the coordinates of one 

of seven points: Moscow- Presnya, Pulkavo, Calosevo, Simeiz, Dushanbe, 
Irkutsk, Greenwich? - the "External" entry - explicit entry of latitude, 
longitude and height from PC, TT or ED; — calling to the ED of the /18 

world map representation and the indication by the pen on any location 
of it, as a result of which the automatic calculation of geographic 
coordinates corresponding to the vindicated point and the transmission 
of them to the information field take place. 

The "dates and steps" entry modu le: The parameters "start 

date", "end date", "Step I" and "Step 2" make it possible to pre- 
scribe an aggregate of time instants for which the calculation of the 
characteristics of object visibility will be carried out. This set of 
instants in the system considered has a rigidly prescribed structure 
of the following form. It consists of a set of sequences of instants, 
up to 49 instants in each sequence, where the origins of the sequences 
are uniformly distributed along the time axis from "start date" to "eni. 
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date" with a step equal to "Step I". Moreover, each sequence covers 
a time interval equal to "Step 2". 

The structure described is flexible enough and especially 
convenient for making film-illustrative materials, since it 
permits to a known degree the automation of the process of creating 
film sections . 

The indicated time parameters, like the preceding two groups 
of data, can be entered by both the "internal" and "external" 
methods. Additional facilities are provided for the use of 
"incomplete entry". 

All of the entered data is documented by each of the opening 
modules for TT and printer. At the conclusion of input and documen- 
tation, the modules carry out a transformation of the data to 
a form necessary for the computing process, and in this form place 
them in the DISPO information field. 

§ 4 . Forms of Presentation of Output Ephemeris Information 

The work of the second LINK-block is begun in the module 
"indications of the output quantity and output form". By means of 
the two push-button levels, the user is queried as to which of the 
ephemeris quantities are of interest to him in which form to output 
them (tabular or graphic) and which require action (for example, 
writing the graphs obtained) on i/j). The code number of the opera- 
tion mode selected by the user for output and information on 
the quantities subject to output are transmitted to special cells 
whence they will then be retrieved and used by the next module of 
the second link - the module "calculations and output" (the push- 
button levels are depicted in Figure 4). /19 

The quantities listed above — elevation, azimuth, declination, 
right ascension, range, range rate of the object and the elevation 
of the Sun, constituting the principal ephemeris information — are 
calculated in turn for each of the sequences of instants described 
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in 53, and are packed into arrays, localized in the given link. 

This information will be transformed and output in numerical or 
graphic form. However, as follows from §1, during calculation other 
information is also generated. Certain of these intermediate 
quantities, for example, heliocentric and geocentric cartesian 
coordinates and velocity components of the object and the Earth, 
are available to other DISPO programs, since they are transmitted 
to the COMMON-cells of the information field. In addition this 
auxiliary information may also be necessary to the user; he can 
take out such quantities for printing, by operating the binary 
keys on the machine console. 

We shall consider in more detail the system's operating modes 
wi ch respect to the output of the main ephemeris information. There 
are three modes, conventionally called "DD", "Full Motion Picture" 
"Continuous Motion Picture". In all cases, the ephemerides are 
represented on the DS in the form of graphs giving a time function 
of one of the quantities , A 0 , at , H , . As only one of these 
modes is ordered, the buttons light up quickly, indicating on 
which one it is possible to select the relevant output quantity. 

Each graph corresponds to one of the sequences of instants. 

In addition, to the points of the curve giving the time function 
of the selected quantity, "shade" is inscribed on the graph. The 
fact is that the elevation of the Sun fa is determined simul- 
taneously with the calculation of the visibility of the comet. 

In this case, the elements of the Sun (with regard for sign) will 
be the input into the visibility calculation block. The elevation 
of the Sun is required for a more descriptive representation of 
comet visibility on the graphs. If £ ^ 0, , than a vertical band 

is traced on the graph, "shade" appears, corresponding to the 
dark time of the day. If 0, , then the vertical band is not 

inscribed. Consequently this instant is related to the daylight 
hours . 
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ORIGINAL VWf* 

Of POOR QUALirv 


Under the time axis from the left and right, the dates are 
illuminated (day, month, year, hours, minutes, seconds). The 
marking of the ordinate axis for elevation and azimuth is fixed: 

*-9 0*. *9<y. m 0 *. *360*. (degrees). For the quantities 0 ,< i. , $ , D , 
the program finds the lowest and highest values of a quantity in 
a given interval and automatically selects the scale along the 
ordinate axis (Figure 5,6). In this case the appropriate docu- /20 
mentation is available by printing on teletype. 

Simultaneously with the graph, a set of light buttons is 
illuminated on the US to support the interactive mode of operation 
in the calculation and the graphic output of the ephemerides. The 
buttons give to the user the ability to intervene at the right 
time in the computation process and in the image visualization 
process, to exit promptly from the given module for the purpose 
of data correction, to change the computation sequence, to perform 
an output of the image at any stage of its construction to the 
graph plotter, recording it on MT, etc. The button "ATsPU" makes 
it possible to output all the ephemeris information in digital form 
(Table 2-10). 

Everything said above pertained in equal measure to all 
three modes. We shall consider the differences among them. In 
the ED mode, the graph is constructed on the ED and at the completion 
of construction is illuminated as long as the user, does not indi- 
cate otherwise on the light button. In particular, for the pro- 
gram to pass to the construction of the next graph (for the 
next sequence of instants), an indication on a special button is 
required. In the "full motion picture" at the completion of 
construction of the next graph, the image is automatically written 
on to MT, and a transfer to the new calculations is immediately 
affected and then to the construction of a new graph and so on. 

The operation of the system also proceeds in a similar manner in 
the "continuous motion picture" mode, but in this case the writing 
on MT of not only each graph, but all stages of construction of 
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each graph, takes place {in the construction of a graph on 
the DS, the axes, the numbering of the axes, the legend explaining 
for which of the quantities the graph is being constructed appear 
sequentially ; then the points of the curve - one, two, ...49 appear 
in turn on this background) . 

From what has been said, it is clear that the modes "Full 
Motion Picture" and Continuous Motion Picture are oriented toward 
the creation of film-illustrative materials, which reflect the 
dynamics of change in the ephemeri/j quantities in graphic form. 

For practical operation in taking the appropriate film sections, 
there are in DISPO special program facilities. The sequence 
of images recorded by the "visibility" system is visualized 
on the D,j by means of a special monitor program, is edited and 
photographed on a movie film by a movie camera synchronized with 
the DS 19). Immediately after connection to DISPO, the "visibility” 
system was used for operations of this nature in the planning of 
film sections dedicated to the impending appearance of Halley's /23 
comet in 1985-1986. The results of the calculations carried out 
in this case, obtained by means of the visibility system, are 
covered in the following paragraph. 

5 5 . The Results of the Calculations of Visibility Conditions 
for Halley's Comet in 1985-86 . 

The visibility conditions for Halley's comet in 1985-86 were 
calculated by means of the system described. The calculations 
are carried out for a number of NIP's located both in the northern 
and southern hemispheres. Moreover, the input parameters, 
especially "dates" and "steps" described in § 3 were widely varied. 

The resulting information was output in graphical and 
digital form. In the case of graphic output, the sequences of 
images, illuminated on the DS, were written onto pc which made it 
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possible to obtain FILM sections demonstrating the dynamics 
of the observability characteristics of Halley's comet in 1985-86. 

In the present work, several graphs are depicted illustrating the 
daily variation of the comet's elevation {Figure 5a, b) : During 

the 24 hours of 25 November 1985 (about the first closest approach 
to Earth) and during the 24 hours of 6 April 1986 (for 4 days up 
to the second closest approach to the Earth) under observation 
from the Dushanbe NIP; as well as graphs showing the dynamics 
of change in range and range rate in the period from October 1985 
to May 1986 (see Figure 6a, b) . The distinctive features of the 
impending appearance of the comet are seen on the graphs. The 
points of the closest approaches to Earth (27 November 1985, 

93 million kilometers and 10 April 1986, 62 million kilometers) 
are singled out. It is evident that observation conditions in the 
northern hemisphere will be much worse than for southern NIP's and, 
in particular, that after passage of perihelion the comet will 
execute a steep "dive" downward, when its declination will reach 
-47°, as a result of which in the period of morning visibility it 
will be completely unavailable to observations from the northern 
NIP’s. 

As a result of the issuing of information in digital form, 
tables are obtained which give the elevation, azimuth, declination, 
right ascension, range, range rate of the comet for a number 
of domestic and foreign observatories and stations (Tables 2-10). 

Since it is obvious that equatorial coordinates, range and 
range rate change little from point to point (within the limits 
of the computing precision provided by the system) , it is possible 
for these characteristics not to make a distinction between geo- /24 
centric and topocentric quantities. However, as for elevation and 
azimuth, it is necessary to calculate them for each point individually. 
But it is clear also that in the calculation of elevation and 
azimuth of a comet (in contrast to an AES, for example) for a general 
characteristic of the observability conditions, it is sufficient 
to take several points covering a large arc of latitude as the 
longitude may not be varied (the results of calculations performed 
for NIP's with identical latitude and different longitudes will 
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be almost identical with a precision before the shift along the 
time axis at a magnitude equal to the difference in longitudes 
since the equatorial coordinates of a comet change slowly) . 

Starting from these considerations we cite data for only three 
points with widely varying latitudes: Pulkpvo L<P • + 59 w 46*is ,, 5,/r »75 m, 

X=+2' , ori8 i .57 ) , Dushanbe i«J=+38 u 33*39 .9,. h hkom) and 

Perth (Australia) '( ip — 3i°57»io\ X * •fvTuUt h «o) 

Tables 2-4 cover the period from October 1985 to May 1986 with 
a step of 5 days. The times indicated in the first column of a 
table is with respect to Greenwich and correspond to the local 
mean midnight of the observation points. In tfie last column 
are shown the symbolic designations: 0 - light, 1 - dark part of 

the day. Tables 5 and 6 give more detailed information with 
30 minute steps about comet visibility from Dushanbe during 
one 24-hour period on two dates: 25.11.85 and 6.4.86. The time is 

reckoned from Greenwich midnight. 

The analysis of the results obtained makes it possible, in 
particular, to give the general nature of the comet's visibility 
conditions from any NIP. We shall consider Dushanbe as an 
example. At the beginning of October 1985 Halley's comet, already 
quite bright (about stellar magnitude 8) will be accessible to 
observations mornings, culminating high above the horizon (eleva- 
tion 71°) approximately an hour before sunrise. At the end of 
October the visibility conditions are improved: The comet becomes 

visible almost all night, culminating at the height of 72° 3-4 
hours before it sets. In the second half of November, the 
comet is accessible all night - at the time of sunset its angular 
height is 20-22°, culmination occurs around midnight (elevation 
69°). The period of visibility is gradually displaced to the 
first half of the night? in mid-December the comet will culminate 
immediately after sunset at a height of 52°. By the middle of 
January, the observation conditions will worsen significantly. The 
comet will be visible evenings for a short time (not more than 
2 hours) low above the horizon (not higher than 20°). 

Then the comet will disappear .in the Sun's rays, but after /25 
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passage of perihelion the second period of visibility will 
approach. iDuring the second half of February and in March 1986, 
the comet will be visible mornings shortly before sunrise not 
high above the horizon (10-15°, but at the beginning of April - 
not higher than 8°). The total stellar magnitude will reach 4m. 

In May, the visibility conditions will improve again. However, 
the comet will quickly lose brightness and become less accessible 
for observations. 

The cited tables also show how unfavorable conditions 
build up for northern points. Thus, for the Pulkovo NIP the comet 
will be accessible only to the end of December 1985, at the same 
time its elevation above the horizon will be 20-30°. However, at 
this time the comet will still be far from perihelion and its total 
stellar magnitude will not exceed 7~8m. 

NIP’s of the southern hemisphere will turn out to be in 
favorable conditions. In the case of Perth , it is evident that, 
for example, on 26 March 1986 the comet will culminate close to 
the zenith. It can be assumed that the geographic distribution 
of southern hemisphere points will not impose any limitations on 
the observability of Halley's comet. For such points only f the 
brilliance of the comet and the penetrating strength of the 
instruments being used determine the limits of the comet's 
accessibility period. The asymmetry described between 
northern and southern Nip's becomes still more acute if we con- 
sider that the southern observatories and stations are found 
usually in much better astroclimatic conditions. 

In Tables 7-10 are shown the observation characteristics of 
Halley's comet from the Dushanbe (a southern point in the Northern 
Hemisphere) and Perth (Australia, Southern Hemisphere) Nip's 
with a step per 1 24-hour period) in a protracted interval of 
time in the region of the first and second approach of the comet 
to Earth. 
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523131 

n 

P694546 

01 

•25q73|.7o 
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17 
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731*7 

71 
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Table 4 
Perth 

October 1985 
May 1986' 

Local midnight 
Step “ 5 days 
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tm> ii. ts.it. Jg. 
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l* ! ’ r lt.lt 
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>973**32910 C* 
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.9739656*90 0 * 

in«3*7t3*CC "* 
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l?*9*C.7l 
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Q' 
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O' 
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0* 
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20317.77 
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0* 
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c* 
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io 
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O' 
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173972.69 
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0* 
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€« 
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20125.6* 
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0* 
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0* 
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199*1. *0 

.921236779C 01 

0* 


264**0* * 11 
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171956.02 

13914,22 
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0* 
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(56*5.10 
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0* 
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Time reckoned 


• from Greenwich 
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.*1*79*. cl 

lll36|)*.5J 

•46q?56i)) 

1986. 

4* 4«t^* L Qt 

O' 

•06**33.0= 
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O' 
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1986. 

4« <4 lift* O' 

O' 

•it 17*6.** 

tl50Bb*.7* 

“ Vi 1 ij5 »3 i 

|J6*. 
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O' 
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a* 
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196*1 

*• 4flU'. Ot 

0* 
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O' 
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O' 
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c 
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0* 
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O' 
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M462411,9t 
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9* 
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*4625 10*E1 
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1*8021. 7) 
1**956.91 
16*929.29 
16«*0l>0l 
11*10*. 76 
16**07. *5 
1667*0.19 
166712.7* 
16*6*5. *1 
1**611.01 
166550.59 
16*521.16 
166*55.66 
166*76.15 
16 ** 00.61 
16*531.01 
16*105. U 
166317.78 
166110.06 
1*6162.11 
166116.67 
16*0*6. to 

166011.69 
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161912.61 

163996.61 
1*3826.30 
1*1756.03 
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161701.26 
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.**I77 q3c*C 0* 
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•6*677712*6 0* 
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.66417l9»pC 0* 
•661189605c 0* 
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•66 o 3*7)59£ 06 
.66007920*0 06 
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,659*666*56 0* 
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•H0»l**32t 02 
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•1767*76596 cO 
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> 1701 * 927 J£ C 2 
•l*9?*736>£ o2 

• l 6 S 302 ,'a 4 C 02 
•1*73164036 02 

• 16*793*3*6. C2 
•1*523)65*6 C2 
M**10JlB'E C* 

• 1 630 * 5202 -! 02 
•1*19192646 02 
.1*176110*6 02 
•159*366716 01 
.1511520(96 Ot 

•*15'351ll>6 02 


1 

I 

1 

0 

0 

0 

0 

0 

o, 

0 

0, 

0 

01 

Oi 


Table 6 

Dushanbe 


a 

SiComet visibility 
e| during 1 day 


6 April 1986 


j'.Close to second 
approach the comet 

is not visible 


Step 


30 minutes 


Uft/Gfli/AL PAGE jfi 

POOR QUAtlTW 


TIT 


I9*5mo< 25M».25. 
13(9,10. 26M9.25. 
t3f5,10727<l».2’ • 
I329il9>l(. t»,25. 
lOSS.lC.SJ, 17.25, 
11*5,1:. JO. 19.25. 
1 7- 5. SO • ll. 17.74. 

ms.ti. iiiMii 

n/5.11. 2. 11.25, 
11*5. ll, I. 11.25. 
t’J5MI> *<11. 20. 
1DI5.1I. 5<)1.207 

1 V 1 4 . l 1 t 4. ID. 23. 
IKfS.ll. 7.19.25. 
1915.11’ 1.19.251 
1915.il- 9- 19.25. 


1945. 11. 12.19.25. 
19l4.ll.lJ.il. 25. 


1915. 11. |t. 19. 25. 
19*5, 11. 17. 19. 25, 
I9l5.ll.lt. II. 25. 
17(5.11 -19. 15.25. 

1915. 11. tO> 19. 19- 
19(5.11.(1.14.24. 
17(5.11,22.17.15. 
1915**1*3). 19*29, 
1915. |li(5. 19.25. 
|9*5. 11*|«. 19. *5. 
I9l5.lt. It.19. 25. 
l4l5MI.t2.19.lt. 



fllMTUN 

(JINUtM 

MCLINAT.On 

0 ItilHlt** 

«,*« 


t* 

((>**;. 3* 

•*0531,15 

74KM.7I 

*o 

,23*19175*! (19 

• » 

0* 

i»*;»*,c! 

6*7533.99 

2029*7.5) 

40O)»SI 

•2520»225C£ 00 


e* 

(22245, () 

(52416.1* 

20)753, lo 

4C)11»U 

42*71*74**! 0» 

• • 

0* 

202H6.O* 

1607(1.71 

201403.21 

IqOmO 

•1*191271*! 09 

m 9 

0* 

102*55. M 

44-0)9 * *0 

101974,27 


*21/73950)2 09 


0« 

)127*1 *10 

(733*7,21 

20*250,1* 

40009*10 

,| 7217711)0 09 


0* 

>1)1)1.71 

1(19)1.70 

20*621,99 


•>21211717! 09 

• 1 

0» 

>3369(1,01 

(10*07.99 

2C3DCI.II 

0*7*1 *7i 

•11190*974! 0* 

• ♦ 

c 

1**110. «» 

1901)1. tl 

1031*9,(1 


•911701*410 09 


0* 

>551 10 Ml 

90)05) • 13 

(057*1.(0 

95*o1«fO 

•21*10719*1 00 


o*. 

170026. *( 

61/006.66 

(10t*k.4( 

99888.07 

1)09*1)101! 09 


0* 

(llilf.M 

921209.71 

110591. || 

QBOfltO 

.20*7(7971! 09 


c* 

19)111.97 

911410.19 

211006.41 

Hint) 

• 200U917*! 09 


0* 

*01729. 71 

9*1236.90 

111*24.66 

5*M4«0» 

71150790500 0» 


0* 

*15101.09 

90)115**2 

111(52.93 

0O9t.4« 

•19102031*0 00 


c 

*11017,20 

96111*. 91 

71212). )( 

9*187. 77 

• 1(1*9526 It 09 


c* 

4*1036 • 30 

971113,15 

212751,42 

0JM0* 77 

• 1(200720)0 07 


0* 

**5110.71 

96271*. *0 

113236,62 

5199*. <J* 

.1770991)50 J» 


c* 

•71*14,51 

31*:2l.n6 

213716,75 

5JM7»I* 

1)7115*1*0! 07 


c 

•111*4.1* 

ic:5i;7.2i 

21*157.12 

5*1**. *9 

.14(796*63! 07 

• 1 

0* 

570719,77 

IC2015J * 1 3 

1)4633,11 

92* Hi 01 

•16**19133! v 9 

• 

0» 

5116*1.75 

10" .156,43 

2I51H.03 


, 14023)1 15! 09 

m 1 

c* 

until, <• 

I092J-6.0- 

215539.50 

51AO.O* 

, 15607*273! CV 

• 1 

c» 

4**221.55 

1071*37.70 

215956.15 

M07.S* 

,151*15625! 09 

# 1 

c* 

**1611.14 

1391*14,07 

820*03,13 

510059*1 

.1*7436963! 09 

* 4 

5* 

575610*02 

UI2*-7.94 

2207*9.10 

50V(W7 

*1*34721*!! CJ 

• f 

c» 

5916*2,67 

113504**3* 

22(113. I* 

gooj;»« 

• 139946143c 0? 


c» 

611*13.03 

1 161536.91 

221*06,64 

*9*5*. *0 

7116193302! o? 

♦ » 

0* 

*23606.54 

119*3*3.0* 

281*23. I) 


>102*12219! OK 


0** 

4*3911.62 

1232016,69 

821794. 0) 

*Oo**H 

•11(6132120 00 


c< 

**1934.(7 

12732C9.4* 

221*38,11 


.12510*3)2! 09 


0» 

4 75424 , *9 

1122727.50 

821(0*. 39 

*HO.*l 

•12191*175! 09 


c» 

492776.1) 

11115*2.21 

221620*05 

*8552**12 

.111651(62! 0> 

ft) 

0* 

76***1. C' 

1*506*0.36 

281306,17 

M***O0 

.11552)299! 09 


c» 

715633.15 

15)0759.0* 

220636.(6 

*sn9»9* 

. 1 1255OO70C O’ 


c* 

72*711.2* 

1622/79.51 

{20113.32 

35901>77 

•1097)1011! 0’ 


c» 

731110.22 

172)233.23 

2I520*>10 


.1070410*60 07 


0* 

73/522.19 

1431791.93 

21*005.66 

Dll*.?) 

■10761121*! 09 


C» 

722674.55 

1135*17,22 

212*02,10 

3>90*li 

•102332613c 09 


Q ♦ 

711601,11 

2035 3*0*14 

2101*7.14 

3HI1.97 

.1002555520 09 


0* 

613*06. 17 

212*310.5* 

20*115.7* 


,91311)4* 10 06 


0* 

*73109 , 15 

220110* ,29 

702<t*. 19 

2 575«.8* 

,967*150(1! 06 

* « 

c 

43C550.26 

7273536.62 

195707.30 

2*A 

,95139367*! 0* 


G* 

*22*14, {5 

232*024. 01 

192423,0* 


,9* 166291(0 07 

. • 

0* 

593006 * 1* 

21775/5. *7 

165215. 11 

8?3*4* 14 

1932*262*2! 06 

* ♦ 

0* 

5*2417.50 

2*121*2,97 

111452,36 

21809*30 

.925660167! 06 

• * 

•• 

5H321.7I 

2*50107(57 

171*21,7* 

f0029t70 

•9214)1956! o* 



*93917,69 

(410600.13 

I6M23.K 

iusj.o 

,9196*40760 0> 

n » 


*6*65*. If 

750*7/6. )1 

1*0651,67 

1372**61 

.120*556*5! 00 



HANOI *irr 

(9166|S422 02 

ot 

I5?3(*9*6r 02 
9 549 10027 C 02 

' 55 tlt 99 i«!: o* 
15)227665! C2. 

02 

>04K))616(C OF 

’5»Jl)H 0 7t 02 
'57**70607C Cl 
1419144. 7C 02 
5)90047915 02 
>5)S724)J25 0 | 

5)27557(7! 02 
'62(729133! 02 
’524(731145 02 
'51971570! C2. 
4t.l»74l5f Li 
5:91o 1»4»5 32 
S;3371|e*l 
*0741 t 79l nj 
:*9i’’(U7lC 02 
4(3763*0*! 02 
7759441945 C2 
‘4779*4715 02 

751363UJ 5 0 ? 
'77450)5415 02 
4)7«534tlr Cl 
4243573045 02 
4 1)9527335 02 
*005774145 Cl 
31*1445435 02 
)7o**4l93t 02 
39*006233! 02 
)]it4lta)5 02 

31702/43J5 01 
2944)21735 02 
2779.7)J4C 02 

2519175935 01 
127H2039C 02 
2023937015 02 
I 751104015 Cl 
1 4440)4905 04 
1201211615 Cl. 
91251 1 2)1C 01 
11996757)5 (jl 
124C91J91C 01 
1344)41765 00 
135722117V 71 


0-0*9 H*N!»*r 

i 

} Table 7 
1 
i 
i 

i Dushanbe 


r Comet visibility 
| during 3 months 

1'From 10 October 1985 
J to 15 January 1986 


Step - 1 day 

Time corresponds 
to local mean 
midnight 


M*e 

1543M1.27M9.23. 

1915.11. J1. 19.25. 
1745.1100. 19.25. 

1973.12. | . 19*23, 
1945.17. 2*13*25, 

1975.12. 3*19,23. 
1945*12* • 19.25. 
1919M2. 5.19.21. 

1913.12. 6 . 15,45* 
1933, |2* 7. 19. 25. 
1929,12* 1,19.25. 
11(3.12. 9« 19.23* 
1»23.|2MC7|9.2S. 
1915.12* 11*19. 25. 


1KI5.12M3. 19.15" 0* 
1943.12.14.19, 25* 
1965. 1«. 15.19. 25. 
1915 . It , 16* 19 * 25* 

1949*12*17. 19*29 • 

1913,12. | (/ 19.15* 
19*5.12.19.19.25. 
7»«5M*. 70*19.25. 
I91l.lt.ei.13.45. 
lM9.l2.227tl.25" 
1945M2.2JM9* 25. 
1«5m 2.»4. 19*23. 
1945.ll. Ji. 19. 29. 
,191>M2>2tM9.»5. 
llaS, !(,(;. 19.207 
1943.12* 21" IS" 25. 
1913.12.29*19.25. 
1945.1?. ){. 19. 25. 
1525.12.3lM9.25. 
(111. 1* 1*19.43. 
19(4. I* 2*19*73. 
9921. 1, 3*19.25. 
1936, J. 4.13.29, 
19*6, 1, 5, 19,25* 
1946. 1* 6.13,25. 


1914 , 1. 9, 19,23 
I'tO. l> 9.10,23 , 
19*6, 1, 10.10, tt. 0« 
17*4, ),|1, 19.25. C* 
19(6* 1*12, 19.26* 0* 
19*1, 1*13, 19,(3, o* 
7914, 1,17,17,25. O’ 

NSJ4, 9,70,19,19, «• 


v 

t,.!/*Tlos 

•1209* .21 

aMMUIW 

803083*43 

c» 

*0MC5»c9 

85 

0* 

1*42*2,34 

*572^*57 

c 

/issoe.)! 

1511 V* i«3 

C 

301-27,(9 


c* 

273602.** 

*4^315.71 

C‘ 

240222, *6 

94*C?17«W 

0« 

2143-7.31 


0 * 

161011.59 

tAh*h\k»Z% 

c* 

1922', 0.26 

?4/5o;3c*-.0« 

0* 

12*0*1.00 


z* 

100*09.09 

87026 l*»07 

c* 

7110*. )4 

87l3A34*t7 

c* 

50720*29 

872*1 tOC* 31 

c* 

146*7.1* 

171*5*6. S7 

3* 

9115.19 

t7**fO0*78 

r.* 

.13930.75 


c* 

.1*5-3.10 


c» 

.96735.32 


0* 

.7*521. "9 


c 

■•01915.37 

8715886*31 

0* 

•112926.9* 

tlOSllO’li 

c* 

• lltMS.CZ 

*a\t>a 28*17 

«• 

•1*0141.10 


c # 

•10*011.9* 

f 17* 75C 9 27 

c* 

0* 

•1(1747,77 
•|9C239. )2 

80L669*i99 

ta5*tt,*.i5 

O' 

•jl»*07.c9 


c* 

•8*7433.51 

117^91;.^* 

c* 

•2*1287.(7 


0* 

•29*756,4 1 

7M*7o>»9o 

tf* 

•27lU3.1l 

8J0M5l*5l 

0* 

>7(3256, (7 

81»5i87.59 

C 4 

*(95239 , 79 

8f85i97. 7/ 

0* 

•1U039. It 

?ii5ia7.n 

00 

-322701 .60 

895000^*07 

c* 

•33*1 *9, *0 

mH&2*C3 

0* 

-3*3507,45 

197105^976 

c* 

.064669. M 

81*8181.13 

C' 

-37 17.6, *5 


G* 

•3(1637. *5 

1005311 *»7 

c* 

-jl 1*26.72 

30?C^37.1l 

e* 

•‘odo'.ij 



42IH01H OtCUtNlTlC. » JlSCNStBN 


-*14625,73 
-4*9034,14 
•7)0190.43 
-440514, 71 
-455547.17 
•4(5307. CE 


1044217.16 

2c*C*»6.*0 

1071533.10 

1015047*00 

31014)6.7) 


l5t2M,32 

142939.17 

114020.17 
125014.57 
12CCC6.40 
111021,70 
102120,49 

93121.01 

54431,07 

13122,91 

717*1,(3 

635*5.15 

39533.66 
51707,40 
*4027.22 
40511*41 
13217.16 
300*1.72 
*3040.60 
2o209.7l 

13504.67 
10920,75 

443). *5 
•2136,19 
•29,49 
•2139.92 

•4137,31 

"130*9, 60 
•11*0*. *9 
•11640.22 
•19137.66 
•2o* J4.1t 
•2?5ol.11 

•2)957,64 

■2342o*7| 

•30613**3 
•331*0. 12 
•31*42.60 
-3*703. IB 
•3594*. 06 
•411*7.15 
•*2)35.05 
•*)609,09 
.**631,31 
•*5741.51 
-506*7.37 
-1)944.3* 
*59016. 7o 
•9*125,31 


12*07 * 11 
11504,31 
10*19.24 
5334,13 
4351.53 
JM2.25 
2*57.‘l 
1*07.34 
7*2.61 
215942*6? 
215206.47 
2)4454.}) 
121105.16 
131137.77 
232330*97 
*11343.67 
111*15.34 
21090*. *t 
*10*39.90 
223330.12 
225506M6 
285054.34 
(24454.17 
124309*71 
22)911.41 
22)607.51 
22125 | «0l 
222943*23 
*2*6*3. 5E 
*22)51.29 
*22100*97 
2*1427.09 
*2135* >C2 
*213*6.42 
2*ll0l7»l 
' *20**5.77 
*20*11. 9b 
220*21 >9* 
*20213.41 
120012*07 
215811.57 
213611*87 
*15*!.' 10 
*15224,79 
215013,5* 
2146*2.29 
214631.15 

21*505*5* 

21014.65 


8, .S3! 

.121660714! 01 
.9232977062 01 
,937225354! 0! 
.94736612CC 0! 
.»S96loJ73i: e» 
.1714370521: 06 
■ 9633197101: 0* 
.10077274*0 09 
M027l?ll*E 09 
M07793594E cl 
. 10701(6 llO 09 
■1091990*30 09 
, II 1606705c 09 
,11*3551160 09 
. 1169690130 0’ 
.1194935250 09 
.122*771770 09 
.1*33131450 01 
.1211992030 09 
11111273901: 09 
,13409111*0 01 
,1370*30750 09 
.1*009721*0 09 
,1*312)7010 01 
.1*61690550 09 
M*92|6|S*C o! 

, 132267 1760 o’ 

• 15530057 7c t 9 
.1343*50410 0‘) 
,1613695*90 09 
.1643761*00 09 
,147367109! 03 
M70l5?9OC! 09 
.17327(0*20 c‘J 
M7*tllt92C ()9 
.1790571160 09 
.16169606(0 03 
.1(4696*410 09 
.1674536400 0» 
*1901630910 09 
, 192(277260 0’ 
1)934364670 09 
•19799*2700 09 
.200*920030 01 
,802926312c 09 
. 205*00*120 09 
,207*030*00 O’ 
.209*315010 09 
.4119* 7595C 05 


94430 SMC 

*3360562610 0) 
.6121261330 01 
•10734*164! 02 
1)127019702 02 
.156*619291 02 
M7lM0u c *C 02 

• 13363153*0 02 
,21611)4530 02 
,234650967 C 02 
>2021722600 02 
>26761601-0 02 
•060916647C 02 
*292198)730 02 
*1033718260 02 
•3130210*2“ Of 
•)213*33B7 l 02 
•326390)250 02 
.33*5330160 02 
•3*01373760 02 
•3**6056*70 02 
•3*6251990! 02 
.3511*21*20 02 

• 33332936,00 02 

■35*»59t0tr 02 

*3557/45^40 02 
0961117)20 02 
.3559051300 02 
.35514*9600 02 
053971 1730 02 
.3523049031 02 
.350l97u72, C2 
•3*7661650! 02 
.34*71665*! 02 
.34136J/J4! p2 
,337653*1.75 02 
>3 'Jj 5637U! 02 
*3291056160 08 
.324276CC': 00 
•3 1 9:v3i 1 4C t? 
013554C.3: OP 
.3070592, l! 0 
?30l*07/)0r on 
.25*73713?: 02 
.*670? I*' 07 

*21C4(8:’5. , 02 
.0727*7531! 08 
>26*671500,. 0? 
•2561650*10 00 
.2*70t>2i:*»5,os 


O-0U 1«M0NT 

1 

! Continuation of 

i 

'Table 7 


iS 


ORIGINAL 

qF poOR QUALITY 



rcr 



UCV6»l9S 

UlrWI^ 

CcajMTt#** 

19(1, 


0* 

c> 

c* 

.1*17*9.7, 

9llll9.lt 


19*6, 

f «|4< 

0* 

O' 

u 

• 1 J20i9»79 

13271)") 



*»*?♦ 

3- 

It 

0» 

.122*14.01 

941)32. 71 

• IIUQ4.fl 

1911, 

>u<« 

c* 


c* 

• 11010.27 

97)I)|,C1 

• 13^1 17.47 

1311, 


c* 

O' 

0* 

•10123*. 71 

91**14. )9 


19(6. 

*»#C' 

0* 

0« 

c* 

.9)729,11 

93*31 },29 

• UlMOiOC 

(911. 


c* 

0» 

O' 

•1.251.29 

10055(9.79 

i|)SO|.M 

1916. 

t'f f i 

c* 

0* 

c* 

•7.9JI.I* 

1070115,74 

•|4(4f4|01 


i*o* 

c* 

0* 

c* 

.633*9 M2 

tC)i7 12.16 


)9l6i 

i*f «• 

0* 

0* 

c* 

.10251,09 

1 0*132* ■ 6 1 


1111. 


0* 

3' 

c* 

.(1054,71 

1031155. *4 

• Ituoi . 1 1 

191*. 

t *i4 » 


c* 

c* 

, • 1 92). )9 

I0*2*»3.l* 

•13313). 3i 

1966. 


0» 

0« 


.3)6)6,01 

1073,17.76 

'J332Qfc'iS 

19)6. 

*•»* 

c* 

ot 

c* 

.8)112.93 

173**11* *5 

*:4i2* JiS/ 

1316. 

V i 9 


Ot 

V* 

.1*312.21 

t;)3,»»,-3 


19", 


Cl 

Ol 

c» 

• U .)*•(• 

111 ; 5,7p 

94-mAq 

? 53 4 ♦ 

3* )i 

c* 

0* 

c* 

, 18 * 0, *1 

1 l?i 1*7, 31 

•t 

19)6, 

7 ♦ • i 

0* 

0* 

*J‘ 

3*23,09 

1 133101,11 


19)6. 

5* 

0‘ 

0» 

c« 

1 20*9,7/ 

1 1 * 7i* 1 » 11 

•UQUtu'A 

19 3 6 • 

J» 4* 

0* 

O' 

c 

2M5/,3) 

118.’J7,6« 

* tlpj 5* f> J 

1966. 

it 7* 


ot 

C' 

250*2,11 

117013**35 


1116, 

5* • • 

o.» 

3' 

O' 

33*22.43 

1131)09,93 

• mo^stu 

1964. 



0* 

0» 

*1735.(1 

1 193903 "0 

•|fi7S4iCk 

1914. 

JMQ' 

04 

0* 

c* 

«3t.9,:i 

1/03 j.Q.21 

-2*01$3Ji77 

1966. 


0* 

©♦ 

0* 

5)921.** 

1)21723.61 


19)6. 


c* 

0* 

O' 

61300, *1 

1)3*116,1) 

• tU3h*Q4 

i J9A t * 

J*l>* 

c» 

0* 

O' 

6572C. CO 

1230729." 

•SU7eo» 74 

1964. 


c • 

O' 

0* 

7)*2c ,d 

126)611,94 
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O' 
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1 l?/*)t 95 
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0* 

c« 
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c 
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1*15)13.(9 
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19)1. 
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0« 

0* 
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c« 
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c* 

0> 

e» 
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c» 
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15*3537,99 
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O' 

0» 

O' 

120137 i 90 

137.7II.CS 

• 35141207 
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0* 

0( 

O' 

1 1 5006 "0 

160*131*03 

O43P10»l7 
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c* 

£J » 

0* 

112321,17 

16339«1.)| 

07*538.04 
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I' 

O' 

0« 

O' 

1C520* , 15 

16721)7. *5 

• 38 103102 
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c» 

0* 

0* 

100901,69 

1705350. *7 

•*03105*3% 

19|4. 
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c* 

c* 

0* 

315*7.09 

17*3439.92 

•M34%7«34 
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4* 
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c* 
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176)0*1,22 

*OU30i7f 
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*3*133.03 

»0*l*3,5l 

isieti.il 

lliifgil) 

loHllitt 

.oilioMt 

23)127.12 

)3)*M>'}1 
t.'*M’M> 
J’:..*7li3l 
?'/,}»? ,72 

2;IHJ,|9 

tsiJtjn* 

201535,76 

2)1335.71 

ioe«s<i« 

»OC7|9>30 
*3 C5 V« • 20 
2*3301.51 
* ::o39,*« 
tinoi >es 
195529,15 

nsa*2.*i 

ni3M.ii 
HUII.ll 
130)0. 10 

nmed 

t9)531i«0 

193120*9* 

1721*1.12 

imiw. 

m*o7.?o 

131001.71 

190317.31 

110311. <0 
111723. II 

nun. 7» 

1117*1.9* 

111*00. u 
11023*. 73 
17OI0.M 
17313*. *1 


nnoi 

•(2)1417110 03 
.|(>03*)3IC 03 
.(70I91I36C 03 

• mi*013i[ 07 
■01*0054100 C» 

•tll'liotic 03 
*11111711*0 03 
.20)3327130 C* 
.10*23*7230 C3 

■to)3J»*otr ci 

.1007*10*20 03 
. 1171*107*0 03 
•13«3J*701C C» 
*i3ma*»*t ri 
.1117*17*20 0 

• I* ,, i7l»*.r ;8 
.H211*37Eti 09 
.11)93*35*0 C3 

• WfclilcMc c* 

.t7.?|3i»3*c ;j 

.1*113*3**0 S3 
.1*31**0710 C7 

• 1*. 133*12*0 07 
.1173IJ3 J2t 03 
.11*3323**0 03 
.110*322710 03 
. 1**3***3*|; 03 
.1*321363*0 03 
.133*635200 03 

• 1 31*3*1330 07 
.1313235*70 03 
.12)1*1*310 e> 
.12*3*1*1*0 07 
.1203*33*00 03 
. 1 l**27*03c 03 
. 1 1303*37*0 53 
.10311777*0 03 
.101**53130 ol 
•102037**30 03 
•31*93*3770 01 
.3*331*26*0 0* 
.31*3**3130 0* 
•1)190321*0 0* 
.113193*150 0* 
.*1*0)15370 01 
.71**335310 01 
.7*0*353*70 0* 
.73*72*32)0 0) 
.7110303320 0) 


»*nae **H 

■ t 20030351 II 02 
..71*33*3120 07 
•'731*0*1111 07 
.<7* r ;l*7?7IC 02 
..137315)170 02 

..2732213*70 52 

•<f*toi)*i*r to 
•.73*3207360 02 
•0100117701. 02 
••1211*3**10 02 
•■3317171*20 5| 
..3*17*37230 01 
.'33)73**570 C7 

• *3‘ Id.iOJL f 2 
*>3**0'.3 t 2,o ,i 
•>3”l3(*.^t0 02 

• 'J**j3«„.7!. 57 

.07i >7»,2jr. cz 

*'137601^760 C2 
."0717***20 C2 
.'*01232.210 02 
..*11*111730 c2 
■.*131*33330 tl 
-.*03*5327*0 C2 
•'*272131**0 02 
••V3C«***I7[ 02 
. "335 0. 110 0 2 
.'*35353*320 02 
••«37l33*l'3C 02 
. '*393331310 07 
•1**006139*0 e* 
*<"02/11010 02 

• '*13"B5*10 02 
••*3*7301010 0 / 
••*3*11*71*0 02 

• "3*1*360*0 02 
••*30117*530 02 
•'*21*630530 02 
.'*200716*30 07 
• "11023*0*0 02 
••*0*6353*00 02 
*•'33**312320 02 

• •312531 1 KC 02 
••31*1011130 02 
••132*031230 02 
••1337072350 07 
■' 3122**0*10 02 
..7177*7**10 02 
••2*01*03110 C* 
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i Comet visibility 
t during 2 months 


February 1986 


S 
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i 4 April 1986 


Step ■ 1 day 


tl"! 

)9I6.10')5*1*.12#16. 
)f #6. 1 0*7 1 .11.17.1*' 
li»*.10'17'l*.l/'*** 
1315. |0'1>. 11.17. "• 
ltl3.lC.il.lt. 17.11. 
1>65.10.)5.1».17.**' 
lIRl.lO.jl.l*. 17*11. 
ntS.lCi 17*1*. 17.". 
1915.10. |i'l*.l7'**. 
137.5. 10*13.11. 17. *1. 
13* 5.10* 2fl.ll. 17.11* 

I 3* 5. 10* 21* 11- 17* *!• 
)3 35. 15* »2.1*. 17.**. 
|3t6.10.23.1*.17.<t. 
13t5 • 10 *2* • 11.17* *1. 
1815. 10*75.11.17.11. 

1115. 10.11.11. |7.*1< 
13*5. 10* 17.11* 17***. 

1 816* 10* 21* 1**17*"* 
1*15. 10*23*11. 17.16* 
|j|5*iv. 10*11*1 7*"* 
l3t5.io.ji*ti.t».*n 

lias. it. i.ii.i/"i. 

1325*11. 7.11.17. **• 

1325.11. 7.11.17**6. 
1315. 11> ».t*.17.«*» 
13*5*11. 5.16.17,16. 
|3|5*)1. *.)6.17"t. 

1325. 11. 7.11.17.36. 

1375.11. I. it, 17.16. 

1326*11* 3*16*17*16. 

) 1 »K.UM 0 .«l.n"l' 

15*5.1 1 • 1 i • 16.1 7**1. 
13)5*11. 12. 11. 17. *6. 
1315*11 M3. 11*17. 16. 

1325.11. Llill.17.il. 

1965, 'lM5.lt. 17"*. 
19*5.1lMt'lt'l T '*4' 
1965*11* 17. 16.17.14* 
1925.11.12. I**t7* 16* 
133bMlM9.llil7.3i. 
19a5tjj,?0.11.17"d. 
15B3,1,*2..16*»7..5. 
13*6, It *27.16* I7.3ti 
192l.lli23.lt.17.il. 
19i9*2l*2*.i*,!7"i« 
1900.X 1* 06* I 1*17. It* 
155*. 11.16.16*17*16* 
X93(*ll*|7. II. 17**6. 


0LEVi7|3<* itl'OTH OCCLIMTlOS « *53055121 

.32315.33 *31*11.63 
*1111. *0 1231l2.lt 
51020.31 *15113.77 
*0*23..! ilC532.i. 

*5902*73 *01906*60 
75*01*50 3*3357.5* 

•1326*21 3«’113*01 
5 *5 1 7 * • 2 57*3*6*35 
10*135 .56 5*5*70 »•* 

HJ621.3* 3*0123.6* 

12351*. 03 550* 19*52 

l313l»,76 5*0.31*63 

1*3123.03 53:711.71 
l!?352.S* 516333*17 
1*2900.50 5o5l*9.»1 
X 72626 • 72 *9n*/"7 
1*2*20.37 112213.10 
1706)6.63 *7X150.11 
1027X0*17 *53U3.*? 
tllpol.ft •*2553.1* 

(2310*. 51 *75300.13 
(332X1.77 112*2 1 .25 
(•3)25.03 37*53}. 5* 

(53*27.19 300111.?* 

(03510.7* 3*lC**.(5 
(7)526.(7 3*1150*91 
(27*19.51 123752.1* 

(93311.25 (75*11.** 

30303*. *3 (73331.39 
J12S09.32 (51012.05 
121750.5* 173(37* *3 
l3o733.lt 19*5}6 *53 
3393}*, 72 1**712.** 

3*3520*31 133325.36 
3511*7.21 102011.22 
131?C6 * 22 15101. C* 

3*0517, 31 31111.70 
312j’X. 35 30*2127*75 
Stall). 3" 35523*9. 13 
11221 3.7* 3911657*2? 

310?22*6t 3)70*16*11 
)5»t05.ll 312*101.07 
350257,17 nizjaano 
,1*125? 1 1* 31*1559, *9 
331101.12 3(951*6. *0 
315731.29 325*230.99 
303*57.11) 1213*05*01 
(900*9 ,2* 31?l)i1.65 
2719(6.00 313*903, ]< 


(02131*11 
2r, 2929.53 
70323**37 
2035*5*77 
(03933*97 
20*227*01 
20**01 >13 
(0*910*2* 
1(5321**1 
205715.lt 

210119.75 
(10531>11 
(109*0*11 

211359.75 
7lH£5*03 
212255*51 
212730*21 
(13206,70 
2131*6**3 
2IM29.it 
(VU0B.52 
I15C"**7 
(I55t*.l* 
1)593*. 95 
7(03*1*60 
(10731"9 . 
(21056. *0 
(21351 ‘*5 
(lll|l.(« 
((1756. 59 
(212*2*05 
(21623*73 
221*50* 3t 

2213*9.22 
220901.66 
220227.51 
715316,97 
211219.12 
2129 11*67 
711127,3* 
(CSIS’l'lC 

202792,93 

(00197*03 

1510*9.81 

103702.22 

167010.76 

171009.30 

165773,65 

10lil8.ll 


6q5*7>2* 

10**7.05 

103*7.53 

402*3*19 

*0191.97 

♦con*** 

35*57*36 
53733**3 
36tfll *79 
53*22.97 
53231,97 
950*7*77 
5*9*2. (1 
5*131*50 
9**15*32 
3*1*7.72 
51910*0» 
53621*77 
31)22*10 
9)010*7* 
621*3.71 
32307,36 
3191*. *7 
61901.07 

3io*t*ro 

5053*. 
900*9 >01 
*5937.96 
••916. 9l 
"353.72 


•37(6 

93037 


■1* 

1.93 

923(5.09 
'*15*5.96 
*07*0.93 
35509.71 
)501("i 
710*9,39 
33101*36 
32331. 15 
31017.57 
J>392*"1 
2*013,10 
23,01*19 
22511 i 70 
(1 3*0*32 
20200*0* 
15023*53 
13153,35 


56S0C 

, 2375233290 0» 
*2527117970 C> 
<2*79227110 09 
•2*31366130 C9 
•23(31191(0 09 
, 2335599C60 09 
. 22(8523/20 09 
>22*1209300 09 
•219*073*60 09 
.211713*950 (9 
*2100*13HC 0* 
,2(33929*10 0» 
.2007705750 09 
M»*l7l367C ol 
.191(53*390 (9 
M970l*00*e (9 
M«259 o9(00 09 
"711 )75130 (9 
■17)72(9100 09 
•119)1272)0 (3 
.1650*177)0 09 
.1607(31*90 09 
.15131*3*20 09 
,192*510150 09 

• 1*0(2*910 09 
<|«*9(t|120 0* 
*1*0*7*0*50 O’ 
.1)11*1(310 o9 
i 1329129570 o9 
M?92»3t3‘t 01 
•125756*510 fl9 
•l?2)5o3*10 09 
Mt»}7 0 ellC 09 
M15»2710»C pi 
.1129)07960 09 
•1100903750 03 
.107*1791*0 09 
MO*97*o7*t c* 

* 1021199*00 03, 
■1005110*90 09 
.91623*1110 O' 
.9695226230 0* 
.9551 1*7300 06 

. .9*30(87*71: 01 
,933507(200 (1 
<921*172120 0* 
•921**2)000 06 
. 3197/6(390 08 
.92023)1300 0( 


fllNU 9"C 

. ,36.3J»6*«C 02 
•>53910126*0 02 
.,55(0133030 02 
.,5567336150 02 
•*555321)520 02 
.•59J7135IOC 02 
.•55l9l20*2C 02 
.,3*790*1131, 02 
.,0*769*95*0 02 
.,3*525*9100 02 
. ,5*237>*|2C 0* 
,.5391*73720 C? 
. .536**9(110 Ot 
.,53291*3150 02 
. ,3291 7*9390 0? 
.*5250596190 02 

••(203936600 02 

.•5137550/(0 0? 
..510515.310 02 
• .50*2300/20 02 
..*967!7l)»0 02 
..*120(55050 02 
..*(*91(2190 02 
••*771173*00 02 
•,11(7910(10 02 
."Sj7*?cl5C 07- 
• •"9971355C 02 
."19*20*1*0 02 
."2(021(370 0? 
-"15732/. 1C 02 
••*02*755200 02 
.,3(61921*70 02 
. ,370(201160 02 
••33t7ol9o2C 02 
.•33(5121310 02 
.,319«111llr 0? 
.•29)175)310 CO 
-«(77139i35E 0? 
.25301)11791: 02 
..(709195010 u2 
• >204»17*93C 02 
..1793105(0 02 
.,1519105610 02 
.•1237*062(0 02 
.*9191191910 ol 
.< 6367571(90 01 
.<3627"2S7£ Ol 
.,1962S*)(5C 00 
•220031*000 H 
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Table 9 
Perth 


1 

ji'Comet visibility 
during 2 months 


J, 10 October 1985 
r 27 November 1985 


1 

\\ 

I Step “ 1 day 


rTlme corresponds to 
{local mean midnight 


i 

i 

i 

i 


34 


JidCilN/U. FAGii *b 

OF POOR QUALITY 



»♦«». 

u**. 

U*6. 

|4Mi 

1»U. 

!*»«> • 

»»«. 

»»<** 

till. 

U*4. 

!*»«• 

itli. 

l»H. 

im. 

m*. 

i*i*. 

UK. 

UK. 

DH, 

HI*. 

HI*. 
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1*40*41. 
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I.Jtl.l*. 

4.|J.4u 
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)• ).Il 
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1. 

J. J.!), 
J*U>Jt. 
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1*44*21. 
3>1J,I|. 

v.\v:,v. 

3:i‘:ir. 

J.14.1). 
J" 11.41. 
4.40*41 * 
1*11*21 * 
1*42*41. 
3*SJ*!l* 
i*4..»l* 
3.J5.41. 
3.4*. It. 
3*21.21. 
1.11. II. 
J* 23.21. 
J'OSUl, 

3*1U 21. 
«. 1,21* 
*. 1*21. 
•< 3.11. 
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C» 0* 
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o* e* 
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o* e* 
«* o* 

0> C* 
0> 4* 
0* ()• 
0 * r , * 
o» 0* 
0 * c» 

o* C* 
O' c* 

e» o* 
-5* g* 

0 * c* 

C* 5« 
«* 
qi 

o« t* 

w r, 

0 * c» 

0* V 


c* 
c» c* 
:• c« 

Cl <;♦ 

1 * c* 

Cl c* 
5' g* 

3i Ci 
O' 

0* Q‘ 
Cl c« 

c 


c* 

:• ?• 
6 * 0 * 
3« 0* 
C* 0* 
9» 

o> c* 
O' c* 
O' C* 
0* c 


*)***•*» 

IHCliti 

tUlM.ia 

iSSK:tt 

l«)4fi).|8 
14SIK.I1 
1)2017.27 
ts«l>0.|* 
4lOll2.ll 
134*21.10 
!'**« ’*.31 
. 6'.70*.!>* 
44.23J.J1 
it 2' »..t 
lUtw.'i 

it*. UJ.01 

’.Vjl.DiJJ 

jlWUiua 

3**121.1*! 

iKS21.t1 

3i2*:.i3 
*132;*. *4 
*il*;2.4t 

.»s***il* 

.*.*14, .1 

.nui. *: 
«»:vi 
me**. ii 
1*13*1.2* 
1**1 111 |3 
1*1331.41 
*111*3.11 
*233*1.31 
*-<1 1 24 1 40 
SlUOlUl 
410411.*! 
444131. }t 
7*6237.27 
415036, M 
•/i:»**ui 
4*11*3.11 
440244.33 


tOlUCl.4* 
1*40. 1.51 
ISM-.14.2i 

iqMiu.io 

10U)*4.2* 
Uie*:»ui 
1113311. >4 
IpsUol.l* 
11*430**2 
11124*1*4 
11KI4.ll 
1*1.4. U. 
1IKC*. 14 
14*91*. 44 
172.31, .) 
1404*4.11 
14*3*1.44 
1Cli4t.ll 
141.23.7* 
i cj: «t* 
1*3.3**.) 
1*211 3* "S 
1*3* ;3. *3 
4*f *;?.(*; 
l*’2«»lt* 
1*3211.14 
1*2*11.40 
1*lliC«l» 
1*K?;>»4 
KUU.il 
1KSjl.ll 
1*211*. 23 
i*ini.3* 
1**413,1* 
u;j».i4 
is*:s*.c. 

342421.47 
1414JJ,*4 
114114.4. 
1010102.02 
ls2?;*;.io 
ts52.ll. SI 
10132*4. *5 

nusu.c* 

12*4715. J* 
1343*24.11 
US*22»tO> 
17*33*5.01 
1190300.1* 


imti.n • 
14*112.11 
UOIOl.U 
inu.ii 
13 6;l.Ji 
13*. ,1. *4 
1*12.1.1* 
KMSI.U 

uisc*.u 

IIClIl.M 

min. it 

19*12*. o» 

UtOOlUl 

143110*75 
t*141|U> 
t 'll;*.*} 
tll’VJ.U 
USUI. *3 
»*■' M.J2 
;•* *«.** 

11.3*1.11 
4, ti*;. *4 
.;*;u.i5 

:ui:?.h 

2U2K.11 

22',*S,.3* 

«8.;ii5i|4 

232KS.K 
2..US.14 
2*. **1.24 
SJWCJ.II 
2*1133. J 4 
a**ifi.»s 
4KJSJ.ll 
24,0*0,21 
293*13.1) 

101523.11 
3U1U.I1 
32*211 .*1 

331201.11 
lS;**c.;j 
3Ky36,04 
341J-SUI 
31;023iU 
*C2.3*iO* 
*1**4*. II 
*30314,11 
•*l»2*,4o 


lo*4i|.*J 

I. 4*3*U* 
l'*).1. J.S 
43*402*41 
41.0WUJ 
21304.34 
1116-4. 13 
I111CKU 
(93123.01 
1011*1*0* 
23*114.10 
'02113.1* 
3SI410.11 
*02**4. II 
432100.14 

losmus 

411124.4* 
("W34.U 
2 S«**.J4 
8,;.' .91 
!-U'o,* 4 
BsslSKSt 
2o;l*i.l* 
2SC13«,90 
1-391 1 MS* 
2SS554.74 
l 1532*1*1 
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Table ,10 
Perth 

Comet visibility 
during 3 months 

15 February 1986 
23 May 1986 

Step - 1 day 

Time corresponds to 
local mean midnight 
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Continuation 
of Table 10 
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